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(S) MyphonyCene ether resin compoeitione. 

@ A composition comprises 10P ¥VL parts of a polyphenv- 
lene ether, optionaHy wHh other polymer substancei* and GLI 
to 20 wt parts of a bkyclophosphortc aater compound of 
formula: 



M 
CD 



|CH,J,-0 
R - C^CCIU. " o — P « 6 

where / ~ 0* 1 or 2. m and it - 1, 2 or 3. and R Is hydrogen. Ci 
- 0,9 alkyt or «e group X-CHg- wtiere X it e earlKMcylic or 
phoephoric odd raaidua or en oikoxy group. 15 eueh echera 
are named. 

Optional other polymera Mude polymere of etyrane« 
rubbere and thermopiaatlc polymerv. including graft poiym- 
ert. Htlers may be presenL 

The oomponenta can be blended in an eidruder or pleat 

mm. 

The compocttion has improved llame-retardenee with- 
out reduction of the inherent heat reaistanoe of the 
polyphenylene ether. 
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roLYFHBNYUSNE ETHER RESIN CX)MPOSITIQNS 

The present invention relates to a novel flame- 
retardant resin composition, ftfore particularly, it 
relates to a flame*retardant resin c(»position ndiich 
5 is superior in "Uiermal properties and is ccHsposed of 
polyphenylene ether or a mixture thereof with another 
polymeric substance, and a bicyclophosphoric ester 
cooxpound* 

Polyphenylene ether as an engineering plastics is 
10 very useful because of its outstanding mechanical 
and 'Idiermal properties and self --extinguishing 
characteristics. 

The f lame-retardance of polyphenylene ether is not 
necessarily satisfactory. Moreover, polyphenylene ether 

15 has an extremely poor processabillty when used alone, and, 
in actual use, it is blended with styrene resin and other 
resins for the improvement of processability. (For 
blending with styrene resin, see U*S, Patent; No* 5,385.,435«) 
This blending impairs tSbe self-extinguisbing properties of 

20 polyphenylene ether and the blended polyphenylene ether is 
more combustible than the polyphenylene ether alone. Thus, 
ther is a demand f r in^'rovement of the flame-r tardance of 
p lyphenylene ether. 



In order to overcome t^ above-m ntioned drawback of 
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polyphenyleae ether It is knovm to incorporate therein an 
aromatic phosphate compound such as triphenyl phosphate as 
a flame-retardant. Triphenyl phosphate inqparts flame- 
retardance, but, at the same -time. It lovers the heat 
5 distortion teniperatux^ because It also works as a 
plasticlzer. Therefore, at present there are not 
satisfactory methods for making polyphenylene ether 
compositions flai&e«-retai*dant« 

Accordinely^ an ohject of this invention is to 
10 provide a sal^lsfactory flame-re tardant polyphenylene ether 
resin composition. 

We have now found that polj^phenylene ether 
can be made flame-retardant, %rithout sacrificing the 
thermal properties , by adding a bloyclophosphorlc ester 
15 coinpound. 

The polyphenylene ether resin conq^osltion of this 
invention comprises: 
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(a) 1O0 parts by weight of a polyphenylene ether 
or a resin composition of polyphenylene ether and a 
polymeric substance, and 

(b) 0«1 to 20 par-ts by weight of a blcyclophos- 

5 phoric ester conipound represented by the general formula: 

R - C — (CHg)^ - « 0 

wherein 1 is O, 1 or 2, m and n each is an integer 
of 1p 2 or 3f and R is hydrogen or - C^ g alkyl or a 
deri vative thereof >^ 
10 The . polyphenylene ether resin, composition of this 

invention has flame^-retardance, and yet, unlike known 
compositions 9 the thermal properties of polyphenylene ether 
are impaired only a little by the addition of the f larae* 
retardant* 

15 In the accompanying drawings:- 

Figures 1 and 2 are grc^hs showing the relation- 
ship between the heat distortion temperature and -Qie 
average combustion time in the burning test aocordizig to 
the UL (Underwriters Laboratories, USA) Standards, Subject 

20 9^, of resin compositions obtained in some exaxDples and 
comparative examples^ 
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The polypheny lene ether used in this invention is 
disclosed in U.S. Patent Nos. 3,306,874^ 3,306,875, 
3,257,357, and 3,257,3*58, and other literature. 

The preferred polyphenylene ether is a polymer 
5 having the repeating units represented by the formula! 




wherein the oxygen atom in one unit connects to the benzene 
nucleus of the adioining unit; n is a positive integer of 50 
or over; and Q is a monovalent substituent selected from 
10 a hydrogen atom, halogen atom, hydrocarbon 

group having no tert-a— carbon atom, halogenated hydrocarbon 
group having at least two carbon atoms between the halogen 
atom and the phenyl nucleus, hydrocarbon oxy group, and 
halogenated hydrocarbon oxy group having at least two carbon 
15 atoms between the halogen atom and the phenyl nucleus. 

Typical examples of polyphenylene ether Include 
poly ( 2 , 6-dilauryl-l , 4-phenylene ) ether, poly ( 2 , 6-dipfaenyl- 
1,4-phenylene) ether, poly [2,6-dimethoxy-l,4-phenylene) 
ether, poly(2,6-diethoxy-l,4-phenylene) ether, poly ( 2-metho- 
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xy-6-ethoxy-i ^ 4-phenylenc) ether, poly ( 2-e thy 1-6-steacyloxy- 
1,4-phenylene) ether, poly{2,6-dichloro-l, 4-phenylene) 
ether, poly (2-methyl-6-pheny 1-1, 4-phenylene) ether ^ poly- 
( 2 , e-benzyl-l , 4-phenylene 1 ether , poly ( 2-e thoxy-1 , 4-pheny- 
lene) ether, poly (2-chloro-l,4-phenylene) ether, and poly- 
(2,5-dibromo-l,4-phenylene) ether. 

Examples of polyphenylene ether further include a 
copolymer of 2, 6-dijnethylphenoJ and 2,3,6-tr imethylphenol, a 
copolymer of 2^ 6-dimethylphenol and 2,3,5,6-tetrainethyl- 
phenol, and a copolymer of 2,6-diethylphenol and 2,3,6-tri- 
methylphenol. 

The polyphenylene ether used in this invention also 
includes modified polyphenylene ether in which the polyphe- 
nylene ether defined by the above-mentioned formula is 
grafted with a styrenic monomer such as styrene, p-methyl- 
styrene^ and a-methylstyrene. 

The examples of the polyphenylene et.her correspond- 
ing to the above-mentioned formula are found in the specifi- 
cations of the above-mentioned U*S, Patents. 

The group of polyphenylene ethers preferred in this 
Invention includes polyphenylene ether of the above-mention- 
ed formula which has two alkyl substituents at the orthq 
positions with respect to the ether oxygen atom. In other 
words, each Q at the ortho position is alkyl, preferably 
- C- alJcyl. Typical examples of this group include poly- 
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(2,6-diinetfayl^1»4-pbenylene) e-Uaer, poly(2,6-dlethyl-1 ,4- 
phenylene) etiier, poly(2"methyl-6^ethyl^1 ,4-pheziylene) 
ether, poly (2-me tbyl-6-propyl-1 ,4-phenyleiie) ether, poly- 
(2,6-dlpropyl-1,A-pheziylene) ether, end poly (2-ethyl-&- 

5 propyl- 1 ,4-phenylene) ether. 

The most preferred pol3fphenylezie ether resin in this 
invention ia poly(2,6-dimethyl-1,4-phenylene) ether. 

The polyphenylene ei±Ler coniposltlon may also contain 
other polirmerlc eubstanoes. 

10 To Improve moldability, the composition may 

contain a slyrene resin. Examples of such styrene 
resin include a homqpolyaer of styrene such as poly- 
6t3n?ene and poly-a-methylstyrene; hlg^-impact polyslTrene 
modified with butadiene rubber, styrene-hutadiene copolym r, 

15 ethylene-propylene copolymer, or etfaylene-propylene-diene 
terpolymer; and styrene-butadiene copolymer styrene-maleic 
anhydride copolymer, styrene-acrylonltrlle copolymer, sty- 
rene-acrylonitrlle-butadiene copolymer, and styrene-methyl 
methacrylate copol3^r« 

20 To improve impact resistance, the composition 

may contain a polymer substance such as natural rubber, 
polyisoprene, polybutadiene, styrene-^butadiene copolymer, 
ethylene-propylene copolymer and ethylene-propylene*-non- 
conjugated diene copolymer, 

25 Moreover, the composition may contain 
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a thermoplastic resin such as polyethylene^ ethy- 
lene-vinyl acetate copolymer, polypropylene r polyajnide, 
polycarbonate, polyethylene terephthalate# and styrene- 
grafted polyolefin. 

The composi'blozi in^y also con'baJLn 
a reactive polymer produced by introducing polar groups 
into the above-mentioned elastomer ic polymers or thermo- 
plastic resins. 

The reactive polymer can be produced by grafting the 
above-mentioned polymer with an unsaturated organic acid or 
an anhydride thereof (e.g., acrylic acid, methacrylic acid, 
maleic acid, itaconic acid, and anhydride thereof) or an 
unsaturated silane confound (e,g., vinyl trimethozysilane, 
vinyltriethoxysilane, vinyl triacetoxysilane, Y~™®thacryloxy- 
propyltrimethoxy silane, and prop^nyltr imethoxysilane) , or by 
introducing metal ions into a part oi the carboxyl group on 
the graft chain of the graft-modified polymer. 

The reactive polymer can also be produced by block 
polymerization or random polymerization of ethylene with 
polar vinyl monomer (e.g., acrylic acid and ester thereof) 
or vinyl silane* 

In the case where a reactive polymer is used,- it is 
desirable to add an inorganic filler. When a reactive 
polymer and an inorganic filler 'are used in combination, the 
reactive polymer is dispersed in the matrix of polyphenylene 
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ether or a composition of polyphenyletie ether and styrene 
resin, and the inorganic filler is selectively filled Into the 
reactive polymer. This unique structure provides outstand- 
ing mechanical strength. 

The inorganic filler includes titanium oxide, zinc 
oxide, talc, clay, calciuin carbonate, and silica which are 
commonly used for synthetic resins. 

The inorganic filler should preferably have an 
average particle diameter of O.OS to- 1.0 um, and it should 
be added in an amount of 0.5 to €0- wt%, preferably 1 to 45 
wt%, based on the resulting composition- 
Other polymers that can be used include polypheny- 
lene ether-grafted • polyolefin or styrene resin-grafted 
polyolef in. 

The polyphenylene ethet-graf ted polyolefin can be 
produced by grafting glycidylated polyphenylene ether, which 
is obtained by reacting polyphenylene ether with epichloro- 
hydrin, onto a polyolefin having tarboxyl group or acid 
anhydride on the main chain or side chain, such as ethylene- 
acrylic acid copolymer, ethylene-methacrylic acid copolymer, 
maleic anhydride-modified polypropylene, maleic anhydride- 
modified polyethylene, and maleic anhydr ide- modif ied ethy- 
lene— vinyl acetate copolymer - 

The polyphenylene ether-grafted polyolefin can also 
be produced by grafting polyphenylene ether to a polyolefin 
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having a glycldyl grcnq> cm the side chain such as ethylene- 
glycidyl methacrylate copolymer and ethylene-vinyl acetate- 
glycidyl metfaacrylate copolymer. 

The polys-tyrene-graf ted pplyolef in can be produced 

5 by grafting a poly olefin having a glycidyl groiq> on the side 
chain (e.g«, ethylene-glycidyl methacrylate copol3rmer or 
ethylene-vinyl acetate-glycidyl methacrylate copolymer} to a 
styrene copolymer having a carboscyl groixp or cyclic acid 
anhydride on the main chain or side chain (e«g», st3rrene«- 

10 maleic anhydride copolymer, styrene-citraconic acid anhy<^ 
dride copolymer, styrene-itaconic anhydride copolymer, 
styrene-asconit acid anl^dride copolymer, 8tyrene*-acrylic 
acid copolymer, and slyrene^^etfaacrylic acid copolymer) « 
The grafted polyolef in can be added to the 

15 composition ctfter graft polymerization; but in the case 
Where a polyolef in containing a glycidyl grcrup is used, 
the grafting reaction can be accompllahed by mixing the 
polyolef in with polyjihenylene ether or styrene resin having 
a carboxylic acid or anhydride groijpy at a hi^ teinperature 

20 of 150^0 or more. 

Mixing at a high temperature is preferred from 
the economical point of view, because the ingredients 
used are mixed imlf ormly and the polyphenylene elAer-graf ted 
polyolef in and/or polystyrene^grafted polyolef in can be 

23 produced all at o(nce« 
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The above-ment:ioned polymer ic subs-taiice should be 
added in an amount of 0 to 10,000 parts by weight, prefer- 
ably 1 to 1,000 parts by weight, more preferably 25 to 400 
parts by weight pec 100 parts by weight of polyphenylene 
ether« 

The bicyclophospboric ester compound blended with 
the polyphenylene ether in this invention is represented by 
the generaX formula given, above, namely: 

R - C — (CH^JI^ - O— P - O 
(CH^)^ - 

wherein X is O, 1 or 2, m and n each Is an 
integer of 1 to 3, and R is hydrogen or C^^ - C^^g alkyl or a 
derivative thereof; This compound Is described in, for 
example, "Organic Phosphorus Compounds", Vol. 6 (published 
by Wiley-Interscience, a Division of John Wiley h Sons, 
Inc.) and other publications. 

Bxan^les of bicyclophospboric ester compounds in- 
clude 2,6, 7- 1 r ioxa-1-phosphobicyclo [2,2,2] octane-l-oxide , 
2,6, 7-tr ioxa-1-phosphobicyclo [2,2,2] octane-4-methy 1-1-oxide , 
2 , 6 ,7-tr ioxa-1-phosphobicyclo [2 , 2, 2] octane-4-ethyl-l-oxide, 
2,6, 7-tr ioxa-1-phosphobicyclo [2,2,2] octane-4-hexy 1-1-oxide, 
2,6 ,7-trioxa-l-phosphobicyclo [2,2,2] octane-4-hexadecyl-l- 
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oxide, 2, 6 r7-trioxa-l-phosphobicyclo 12 r 2, 21 octane-4-nitro-l- 
oxide, 2,6,7-trioxa-l-ph05phobicycIo[2,2,2] octane-4-aiiiino-l'- 
ox ide, 2,6, 7- tr ioxa-1-phosphobicyclo [2,2,2] octane- 4 -bydroxy- 
methyl-l-oxide , 2,8, 9-t c ioxa-l-pbosphobicycio (2 $2,2] nonane- 
5-incthyl-l-oxide, and 2,6,7-trioxa-l-phosphobicyclo(2,2,21 
heptane-4-inethyl-l-oxide • 

Examples of bicyclophosphoric estec compounds in 
which R is a derivative o£ an alkyl group incliade tfae 
campounds represonted by the general foniula: 



X - - C— (CHj)^ - O— P = O 



Wherein i is an integer of D to 2, m and n. each is an 
integer of 1 to 3, and X is a carbozylic acid residue, phos- 
phoric acid residue, or alkoxy group. 

Bxaniples of such compounds include 2,6,7-trioxa-l** 
phosphobicyclo [2,2,2] oct ane-4-acetoxymetbyl-l-ox ide , 2,6,7- 
tr ioxa-1-phosphobicyclo [2, 2 , 2] octane-4-benzoyloxymethyl-l- 
oxide , 2,6, 7-tr ioxa-1-phosphobicyclo [2,2,2] octane-4-d iphe- 
noxyphosphinyloxymethyl-l-oxide , 2,6 ,7-trioxa-l-pho6phbbicy- 
clo [2 , 2 , 2 1 octane-4-methoxyinethyl-i-oxide , and 2,6, 7-tr ioxa- 
l-phosphobicyclo(2 ,2,2] octane-4-ethoxyinethyl-l-oxide. 

The bicyclophosphoric ester compound is added in an 
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amount of O.l' to 20 parts by weight|. preferably 1 to 10 
parts by weighty per 100 parts by weight of polypheny lene 
ether or a composition of polyphenylene ether and polymeric 
substance. If the amount added is less than 0.1 part by 
5 weight, the flame-re tar dance effect ts not produced, and if 
it is more than 20 parts by weight, the physical properties 
of the resulting composition is adversely a'ffected* 

The f lame-retardant polyphenylene ether resin com- 
position of thls^ invention can be produced by the blending 

10 method which is conventionally * used for blending plasti- 
cizers, stabilizers, colorants, etc. with an extruder or 
plast-mill* In particular, the intended f larae-retardant 
polyphenylene ether * resin composition can be produced by 
extruding with a 25 mm extruder at a cylinder temperature of 

15 240 to 330^0 and a screw speed of 20 to 40 rpm, or by melt- 
mixing for 5 tu 15 minutes with a plast-mill at a cell tem- 
perature of 240 to 330 and a screw speed of 20 to 40 rpm. 

The present invention will now be described in 
greater detail by reference to the following exanqples and 

20 comparative examples* 

EXAMPLE 1 
Production of composition: 

A flame-retardant polyphenylene ether 

resin coxnposition was prepared by mixing 50 parts fay weight 
25 of poly(2,6-diiaethyl-l,4-pbenylene) ether having an intrin- 



.# 



10 



15 



20 



25 
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sic viscosity of 0.50 d£/g (measured in chloroform at 2S'C) , 
50 parts by weight of higb-lnpact polystyrene (4750, a pro- 
duct of Asahi Dow), and 5 parts by weight of 2,6,7-trioxa-l- 
phosphobicyclo(2,2,2]octane-4-€thyl-l-oxide. Mixing was 
accomplished for 10 minutes at 250»C using a plast-mill 
running at a screw speed of 40 rpm. 

The flame retardance and heat distortion temperature 
of the resulting polyphenylene ether resin composition were 
measured according to the following methods. The results 
are shown in Table 1 and Fig. 1. • 
Burning test: 

The flame retardance of the polyphenylene ether 
resin composition of this invention was evaluated according 
to the UI. Standards, Subject 94. 

A specimen, 15.25 Cm long, 1.25 Can wide, and 1.6 
ami thick, is suspended vertically by holding the top in a 
room where there is no air movement. The flame of a Bunsen 
burner so adjusted as to form a 1,9 cm long blue flame is 
applied to the lower end of the specimen. Ten seconds 
later, the burner is moved away. The duration of burning of 
the specimen is recorded (first combustion time). 

Immediately after the flame on the specimen has gone 
out, the flame of a Bunsen burner is applied to the lower 
end of the specimen again for 10 seconds in the same manner 
as above. The duration of burning of the specimen is re- 
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cocded (second coiobustion tiaie). 

On the other hand, a piece of cotton is placed 30 
cm under the specimen and whether or not the cotton 
catches fire when the burning resin drops is observed. 

The above-mentioned tests are repeated for five 
specimens. The specimen is rated as 94VE-I if the maximum 
burning time is less than 30 seconds, the average burning 
time is less than 25 seconds r and all the specimens do not 
ignite the cotton. The specimen is rated as 94VE-II if at 
least one of the specimens ignites* the cotton- The specimen 
is rated as 94VE-0 if the maximum burning time is less than 
10 seconds,, the average burning time is less than 5 seconds, 
and all the specimens- do not ignite the cotton. The speci- 
men is rated as 94HB if the maximum burning time is more 
than 30 seconds or the average burning time is more than 25 
seconds. The order of flame-re tar dance is 94VE-Or 94VE-Ir 
94VE-I1, and 94HB, 
Heat distortion temperature: 

Measured as follows according to ASTH D-648. 

A .specimen, 126 mm long, 12.6 mm vide, and 6.3 mm 
thick, is heated at a rate of 2*C per minute under a flexu- 
ral stress of 18.6 kg/cm . The temperature at which the 
deflection reaches 0.254 mm is the heat distortion tempera- 
ture. 

EXAMPLE 2 
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The same experiment as in Example 1 was carried out 
for a f lame-retardant. polyphenylene ether resin composition 
prepared in the mixing ratio as shown in Table 1. The 
results are shown in Table 1 and Fig. 1. 

COMPARATIVE EXAMPLES 1 TO 3 

The same experiment as in Example 1 was carried out 
for f lame-retardant polyphenylene ether resin compositions 
in which triphenyl phosphate was used as a f lame-re tardant. 
The results are shown in Table 1 and Pig. 1. 

COMPARATIVE EXAMPLE 4 

The same experiment as in Example 1 was carried out 
for a polyphenylene ether resin compositions in which no 
f lame-re tardant was added. The results are shown. in Table 1 
and Fig. 1. 

COMPARATIVE EXAMPLES 5 AND 6 

The same experiment as in Example 1 was carried out 

for flame-re tar dant polyphenylene ether resin compositions 

prepared in the mixing ratio as shown in Table 1. The 

« 

results are shown in Table 1 and Fig, 1« 
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EXAMPLE 3 

The same experiment dfi in Example 1 was carried out 
for a flame-cetardant polyphenylene ether resin composition 
prepared in the mixing ratio as shown in Table 2, in which 
the high-impact polystyrene was replaced by acrylonitr ile- 
butadiene-styrene copolymer (JSK-15r a product of Japan 
Synthetic Rubber Co., Ltd.)* The results are shown in Table 
2. 

EXAMPLES 4 TO 9 
The same' experiment as in Example 1 was carried out 
for f lame-retardant polyphenylene etiher resin .compositions 
in which the 2,6,7-trioxa-l-phosphobicyclo[2,2^2]octane-4- 
ethyl-I-oxide was replaced by a variety of bicyclophosphoric 
ester compounds as shown in Table 2. The results are shown 
in Table 2. 
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structure of bicyclophosphoric ester conpound 




(B) 

HC CH- - O P - O 

(C) 



(D) 
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CH^ - CH^ - O 

CH- - C 0 P « O 

^CHj - CH^ - O 



(F) 



CHj - O 
HC O P = O 



CHj - O 



(G) 



CH^ - O^, 



CH3 - <CH^)g - C CH^ - O P » O 

CH^ - 



EXAMPLE 10 

The same experiment as in Example 1 was carried out. 
foe a flame— retacdant polyphenylene ether resin composition 
in which 5 parts by weight of 2,6,7-trioxa— 1— phosphobicy- 
clo[2,2,2] octane-4-benzoylo:7iiiethyl-l— oxide was used. The 
results are shown in Table 3 and Fig. 2. 

EXAMPLE 11 
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The same experiment as in Example 10 was carried out 
Eor a flame-re tardant polyphenylene ether resin composition 
prepared in the mixing ratio as shown in Table 3. The 
results are shown in Table 3 and Fig. 2, 

COMPARATIVE EXAMPLES 7 TO 9 

The same experiments as in Example 10 were carried 
out for f lame-r etardant polyphenylene ether resin composi- 
tions prepared in the mixing ratio as shown in Table 3, in 
which triphenyl phosphate was used as the f lame-retardant. 
The results are shown in Table 3 and Fig* 2. 

COMPARATIVE EXAMPLE 10 

The same experiment as in Example 1 was carried out 
for a flame-retardant- polyphenylene ether resin composition 
In which no f lame«*retardant was added. The results are 
shown in Table 3 and Fig. 2. • 

COMPARATIVE EXAMPLES 11 AMD 12 

The same experiments as in Example 10 were carried 
out for flame- retard ant polyphenylene ether resin composi- 
tions prepared in the mixing ratio as shown in Table 3. The 
results are shown in Table 3 and Fig. 2. 

EXAMPLE 12 

The same experiment as in Example 10 was carried out 
for a f lame-retardant polyphenylene ether resin composition 
prepared in the mixing ratio as shown in Table 4, in which 
the high- impact polystyrene was replaced by acryloni trile- 
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butadiene-styrehe copolymer (JSK-15r a product of Japan 
Synthetic Rubber Co., Ltd.). The results are shown in Table 
4. 

EXAMPLES 13 TO 15 
The same experiments as in Example 10 were carried 
out for f lame-retardant polyphenylene ether resin composi- 
tions in which the 2,6,7-tcioxa-l-phosphobicyclo[2,2,2] 
OCtane-4-benzoyloxymethYl-l-oxide was replaced by a variety 
of bicyclophospfaoric ester compounds as shown in Table 4. 
The results are shown in Table 4. • 
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Structure of bicyclophosphor jc ester compound: 
(H) 



(1) 



\«/ If ^ \ ^ / 



(J) 



CH,-C-Oi-CH,-C CH--0 P«0 

O ^CHj-O 



~ o-CH,-c — ca--o — p-o 



*2 ^2 



CH_-0-CH--C — CH -0 ^P=0 
CHj-O 
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BXMgLES 16 AND 17 

Polyphenylene ether resin compos I't ions were prepared 
by mixing the following components in the ratio as shown in 
Table 5 using a super-mixer a^d then the resulting compos i-- 
tions were melted at ZSO^C and pelletized using a twin-screw 
extruder made by Ikegai Iron Works, Ltd.). 

Poly ( 2 , 6-dime thyl— 1 r 4— phenylene ) ether ( made by 
Mitsubishi Petrochemical Co., Ltd., having an intirinsic 
viscosity of 0.4? as measured in chloroform at 30^C); 

Polystyrene {HF-77, a product of Kitsubishi Hon- 
santo] Maleic anhydride-grafted ethylene-propylene copolymer 
(a product of Mitsubishi Petrochemical Co. r Ltd., containing 
1.5 wt% of maleic anhydride); 

Styrene-buta.diene copolymer (1502, a product of 
Japan Synthetic Rubber Co., Ltd.); 

Precipitated calcium carbonate (having an average 
particle diameter of 0.5 pro); and 

2,6, 7-tr ioxa-1-phosphobicyclo [2,2,2] oc tane-4-hexyl- 

1-oxide. 

The pellets were molded into prescribed test pieces 
using an injection molding machine. Model lOOr made by The 
Japan Steel Works, Ltd. The test pieces were subjected to 
burning test according to the UL standards, and the heat 
distortion temperature of the test pieces was measured. The 
results are shown in Table 5. 



01162OO 

^^^^ 

CdMPARATIVE EXAMPLES 13 AND 14 
Examples 16 and 17 were repeated except that the 
2,6, 7- tr loxa-l-phosphoblcyc lo [ 2 , 2 , 2 ] octane-4-hexy 1-1-oxide 
was replaced by triphenyl phosphate. The results are shown 
5 in Table 5 . 



- 28 - 



0116200 



as iQ 

QiK 
£&] 
O 



m 



in in 'in m lo i m 



in tn m m in 



to 



r 

> 



tn tn tn m in n i 



in 

r-i 



1-4 

I 

> 



CL 
E 
<s 



in m tn m in mi 



O 
I 



4J 



jC 
01 



c 

01 
I 



JZ 
01 



i 

VQ 

01 

C ^ CM 

O ^ 

<d o 



o> 

c 

01 



a 
o 



c 
o 

^ 

cu 
o 

u 

0> 

c 

0) 

>H 
0) 
0> 

4-i 

US 
VI 

cn 
I 



TO 

C u 

« or 

u >, 

a> o 

a o 

z: u 



1^ 

0} 

o 

o 
u 

€1 

c 



01 



•a o 

■U 

3 m 

x> u 
I 

c n 

01 

w o 

>i -I 

jj a 

ca o 



I 

01 

c 

OS 

o 
o 



o 
>■ 
o 

JQ 
O 

JC 

Q* 

CO 

o 
cu 

I 

m X 

X o 

0 f 

W I 

-tJ r-C 

1 >1 

* « 

VO JZ 

- I 



81 

JS 

a. 

0) 

o 

JZ 

Q4 



c 

01 



u 

£4 



c 

OJ 



3 



o; 
u 

01 

u 

OJ 

!• 

0) 



InI 

O 
01 



01 
01 



•J 

o 



(A 
0> 



01 1 6200 



• 29 

Claims: 

1. A polyphenylene eiaier resin composition comprising 

100 parts by wei^t of polyphenylene ether resin or 

a resin composition comprising polyphenylene ether and 
5 other polymer substances, and 

0.1 to 20 parts by wel^t of a bicyclophosphoric 

ester conipotxad represented by the genez*al formula 

R - C CCHg)^^ - 0 R = O 

wherein 1 Is O, 1 or 2, m and n each Is an Integer of 1, 2 
10 or 3, and R represents a hydrogen atom or an allcyl groiq) 
having 1 to 19 carbon atoms or a derivative thereof. 

2. A polyphenylene ether resin composition as claimed 
in Claim 1, wherein the resin composition comprises 100 
parts by weight of polyphenylene ether and 1 to 1000 parts 

15 hy weiglit of polystyrene or other polymeric substances. 

3. A polyphenylene ether resin coiirposltl<m as claimed 
in Claim 1, wherein the resin composition coii5>rlses 100 
parts by weight of polypheaoylene ether and 1 to 1000 parts 
by weight of rubber-modified polystyrene. 

20 4. A polyphenylene ether resin composition as claimed 

in Claim 1, wherein the resin compositicm comprises 100 
parts by weight of polyphenylene ther and 1 to 1000 parts 
by weight of polystyrene, polyphenylen ther-graft d poly- 
olefin r polystyrene-grafted i>olyol fin. 
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5. A polyphenylene ether resin composition as claimed 

in Claim 1, vherein the resin coa^>osltlon coiiiprises 100 
parts by vrel^t of polystyrene and reactive polymer, said 
reactive polymer being dispersed in the aatrlx of 
5 polyphenylene . ether and polystyrene and an Inorganic 
substance being further dispersed In said dispersed 
phase • 

5. A polyphenylene ether resin composition as claimed 

in Claim 1 , ndiereln in the bicyclophoisphoric ester R is 
10 X-CHg- wherein X xs a carboxylic acid residue, phosphoric 
acid residue or alkoxy group. 
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